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SUMMARY 

Studies were carried out during 1965 through 1967 
on three Northern Ontario lakes; two (Quirke and Pecors Lakes) 
were contaminated by quantities of free mineral acidity from 
uranium milling wastes and one (Dunlop Lake) was unaffected. 

Differences in chemical composition in the affected 
lakes, including low pH values and increased concentrations 
of 504"^, NOg"-"- and Ca"*"^, were directly related to processes 
in the extraction of uranium and subsequent treatment of 
wastes. Low concentrations of inorganic carbon in contaminated 
waters resulted from the reduced solubility of COj and its 
loss during overturn and from the epilimnion during stratifi- 
cation. Other nutrients did not appear to be limiting since 
nitrates were in greater supply in the contaminated lakes than 
in Dunlop Lake, and phosphorus and silica occurred in similar 
concentrations in all three lakes. 

Lower phytoplankton populations and indices of 
diversity were found in Quirke and Pecors Lakes than in 
Dunlop Lake. Many species of Bacillariophyceae, Chrysophyceae 
and Myxophyceae developed in the reference lake but were 
absent or occurred in extremely low nxjmbera in the contaminated 
lakes . 

Average primary productivities in Dunlop. Quirke 
and Pecors Lakes were 126, 71 and 34 mg C m"^ day'^i 
respectively. In situ areal and volumetric measurements in 
laboratory and field bioassays confirmed the importance of 
inorganic carbon in limiting primary productivity. A potential 
compensatory mechanism in the contaminated lakes was a 
deepening of the euphotic zone. Although greater concentra- 
tions of inorganic carbon occurred and were assimilated in 
hypolimnetlc waters, the mechanism was not sufficient to 
overcome the effects of reduction in species diversity and 
abundance of phytoplankton on the areal primary productivity. 

It is concluded that inorganic carbon limits primary 
productivity in the lakes contaminated by acid mine wastes, 
with the redueed pH and inorganic carbon decreasing both the 
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nianber of species audi total number of phytoplankton, 
Regeiieration of Inorganic carbon probably is impeded by acid 
conditions in these lakes and carbon is cycled inefficiently. 
Outside sources of inorganic carbon appear to be of extra 
iinportance to contaminated lakes. 

Ifte redQction in priniary productivity in lakes 
affected by acid mine wastes will adverseiy affect bigher 
trophic levels including fish and delay the removal of raiiO' 
nuclides to the deep sediments of the lakes. 
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1,0 IKgRODUgriON 

Large deposits of uraniiom-bearing ore were discovered 
in 1953 in the Serpent River watershed on the north shore of 
Lake Huron. By the spring of 1958, approximately 35,000 tons 
of ore were being processed daily by acid leaching in 10 mills. 
One ton of solids and 2-5 tons of wastewater are disposed of 
per ton of ore milled. Small lakes and dyked swampy depressions 
are used to contain the solid wastes. The decant from these 
tailing areas flows to the large lakes of the Serpent River 
systein. 

The present study of phytoplankton communities and 
primary productivity was carried out in 1965-67 on two 
contaminated lakes and one unaffected lake. Although production 
of uranium had decreased by 1965, marked changes in the chemical 
and physical properties of affected lakes had already occurred, 
of which the decrease in pH appeared to be the most serious. 
Levels of radioactivity in lake waters, particularly of Ra, 
were of public health significance. However, the increase 
over background levels to about tenfold in the most affected 
lakes, while possibly significant, was considered less important 
than gross chemical alterations affecting phytoplankton 
comniiinit ies , 

This report considers: differences in general 
physical-chemical limnology between contaminated and unaffected 
lakes during the period 1965-67, comparison of the specific 
composition and the seasonal and vertical distribution of the 
phytoplankton in 1966-67, and comparison of primary productivity 
in 1965-66. Attention is given to the manner in which excess 
free mineral acidity in mine wastes promotes the depletion 
of inorganic carbon and leads to virtual elimination of 
important components of the flora, which together affect 
primary productivity. 

1,1 The study lakes 

The Serpent River rises north of Dunlop Lake, flows 
from Dunlop to Quirke Lake where considerable mill waste water 
is received, thence east and finally south through Pecors Lake 
and several other lakes to the North Channel of Lake Huron 
(Figure 1) . The watershed consists of outwash sands interspread 
with outcrops of pre-Cambrian igneous and metamorphic rock. 
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Figure 1 - L^raticm of the stiasly area on the north shore 
of la]ce Huron (Inset) and aampling stationa, 
uraniuiB loills, depths of the three lakes 

examined. 
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Dunlop Lake is 2,020 acr@s (820 hectares) in area <^ 

mn& 3S m fleep. Samplea were taken at a station of maxiniiim -,, 

depth in the eastern basin. Mo nill wastes have entered 

Dunlop take. ^ ,.| 

Two containlnated lakes were studied. Quirke Lake 
has an area of 4,600 acres (1,860 hectares) and raaxlmuin depth ^ 

of 100 m. It is surrounded by six mills which processed ^ 

approximately 20,000 tons of ore daily and much of the waste ^ 

water from disposal areas entered Quirke Lake via the Serpent .'] 

River. Water quality has been altered and comparison with | 

Dunlop is logical because of its proximity and the fact that j 

Dunlop Lake feeds Quirke. However, the morphometry of Quirke 
Lake indicates the possibility of sparser phytoplankton under 
natural conditions. Therefore, a second contaminated lake 
morpheme trie ally similar to the eastern basin of Dunlop Lake 
was selected for study. Pecors Lake is 720 acres in area 
(290 hectares) and 40 m deep. In contrast with Quirke Lake, 
Pecors Lake receives flows displaced from contaminated lakes. 
Because the limnology of both lakes is influenced by 
characteristics of feeding lakes, Pecors Lake might be expected 
to be more susceptible to damage front acid mine wastes than , ^ 

Quirke Lake, The latter might be benefited at times of ^ 

greater flow by waters received from uncontaminated Dunlop 
Lake. ..-.., ' -J 

-^' '= I -' ■"'•- •.„■ -■" '/'■'■ . ■ ' ■ : i 
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2.0 M3CTH0DS 

2 . 1 Physical-chemical 

Temperature readings were made using a telethermometer , 
Penetration of light was determined with Secchl disc and, 
when available, a Geraware submarine photometer. 

Water samples from the three lakes were returned to 
the Ontario Water Resources Commission laboratories for 
chemical analyses. All analyses were conducted following 
standard procedures, (A.P.H.A. et^ al. 1965), 

2.2 Collection and examination of algae 

Phytoplankton samples were collected at centrally 
located stations (Figure 1) from six depths to 30 m in Qulrke 
Lake and 23 m In Dunlop and Pecors Lakes. In 1966, samples 
were taken bi-monthly from March 31 through November 15 from 
Dunlop and Quirke Lakes and on three days (June 29, August 
17, and September 28) from Pecors Lake. In 1967, bi-monthly 
samples were collected from the three lakes between May 16 
and October 2. All samples were preserved with mercuric 
chloride at the time of sampling. 

Because of the unproductive nature of the lakes, 
all samples were concentrated using the Sedgwick -Rafter 
sand-filtration technique (A,P,H.A, ejt al 1965) . The use 
of sand together with silk bolting cloth with apertures of 
25 u appeared to contain most of the nannop lank ton, an 
important constituent of phytoplankton communities (Lund 
1961, Goldman 1961) . Changes in the seasonal and vertical 
composition of standing crops of phytoplankton were determined 
as numbers of organisms per ml using the Sedgwick -Rafter 
oounbing cell and a magnification of 200X. Also, standing 
crops of phytoplankton were measured in areal standard units 
(asu) for comparison with estimates of primary productivity. 
One asu is equal to an area subtended by 400 u^ , The areal 
unit was employed because it is as useful as cell volume and 
is preferred over cell numbers when relating primary product- 
ivity to standing crops (Paasche 1960) . 
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Species compoisltion, was determined by examining 
permanent and setni -permanent slide mounts at 1200X,, Permanent 
mounts were prepared using glycerin jelly as outlined by 
tennak (1953). identification of the Baeillariophyceae to 
the speoies level was facilitated by acid digestion of samples, 
following by mounting in either Hyrax or Mikrops mounting 
media. Taxonomic referianees included those of Prescott (1951), 
Patrick and Reimer (1966), Tiffany and Britton (1952 1, Smith, 
(1950) and Siemineka (1964) . 

2 , 3 .Diver alty in phytoplankton coriMnunities 

Diversity, or species variety relative to the total 
number of individuals, generally will decrease in a plant or 

animal community as environmental conditions become more 
adverse . 

The index of diversity, I, (after Margalef 195i) 
for each depth on each s.ampling date for the three lakes was 
calculated from, the equation, 

S-1 



ioq,^m 



where S is the total niimber of speeies and N ±b the total 
number of individuals. The mean index based on 5-6 samples 

from, different depths was t,aken as the arithmetic mean of I, 



* 



,Margalef"s I is assumed to be independent of the -I 

numbers of individuals e,Kam;lned, Development of I using 

cumulative counts of algae indieated that this assumptio,n _ ... ' 

was correet, prov,lded, that at least 50 individuals were 
examined. Sample I's in the present study were based on 
counts of betwee,n ,50 and 3 75 individuals, 

2 . 4 Primary productivity 

Estimates of primary productivity were made j 

concurrently in Dunlop and Quirke Lakes using the ^'^C method -I 
on three days in 196 5 (June 17, August 10 and October 2) and 

on three days in 1966 (June 14, August 3 and September 28) , ^ 

Estimates in Pecors Lake were made on June 29, Auyaist 17 and ,:, 
September 28, 1966, 
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Samples of lake water were colleeted at dawn in 
Van Dorn bottles from six depths down to 30 m in Quirke Lake 
and to 23 m in Dunlop and Pecors Lakes. In 1965, deeper 
samples taken from the former two lakes were found to be 
below the compensation depth. Water from each depth was 
dispensed to two clear and two dark topaque) glass-stoppered 
bottles. UaH^'^COg was added to eaeh {New England Nuclear 
Corp.; 100 ugm in 1,0 ml with activity of 10 uGi) . The bottles 
were suspended for 6-9 hours at the depth from which the 
water was collected. Activity was arrested by adding mercuric 
chloride and within several hours the algae were removed on 
0.45 u Millipore filters using moderate pressure (75 cm Hg) . 
Each filter was rinsed with distilled water, dried and placed 
in scintillation-counting medium of 0.01% POPOF (l,4-bis-2- 
(5-phenyloxazolyl) -benzene) and 0,4% PPO (2,5 diphenyloxazole) 
in toluene. At the Industrial Hygiene Laboratories of the 
Ontario Department of Health, the l^C activity of «lgae was 
determined with a Packard Trlearb spectrometer. 

The use of mercuric chloride was investigated by 
comparing the activity of preserved algae with other subsaraples 
which were filtered at the end of incubation. Although the 
preserved algae usually had slightly lower specific activity, 
the difference was within the limits of precision of the 
overall method. 

The possibility of underestimating assimilation of 
^^C, because of the loss by excretion of assimilated activity, 
was investigated. Filtrates were saved from 16 field analyses 
of ^'*C assimilation, representing both light and dark samples 
from the epilimnion and hypolinmion of Quirke and Dunlop Lakes. 
No evidence of significant excretion of assimilated ^'^C was 
obtained when subsamples of filtrates were acidified, stripped 
of inorganic carbon by bubbling with nitrogen and their 
residual ^^G activities (organic carbon) determined by 
scintillation counting in dioxane-napthalene with PPO and 
POPOP . 

Calculation of Inorganic carbon based on pH and 
direct titration of alkalinity was not advisable because of 
the small amount present. Therefore, duplicate analyses were 
carried out by diatillation of inorganic carbon at low pH 
Into 0.02 E NaOH in a closed recirculating system. The base 
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was titrated with 0.05 N HCl . The titre was corrected using 
"blanJc" determinationa on samples of freshly-boiled, distilled 
water. Beeause this procedure led to delay in analyses, 
samples were preserved imraediately after collection with 
mercuric chloride and the pH was adjusted to 8-9 with barium 
hydroxide . 



The uptake of carbon by phytoplankton was calculatea 



as I 



^ ■ 1.05 ? ' CW + 1) mg C ttT^ 

where 1.05 corrects for isotopic discrimination (Strickland 
1960) , Z is activity of inorganic carbon added, Y is activity 
of filtered phytoplankton corrected for dark-bottle assimilation 
and W is inorganic carbon concentration in lake water (mg C m"^) . 

Duplicate analyses of productivity baaed on independent 
measurements of light-bottle and dark-bottle activities and 
inorganic carbon showed a coefficient of variation (s.lOO/x) 
of 20% in data from Quirke and Dunlop Lakes. Greater relative 
variation in analyses of inorganic carbon at the low concentra- 
tions in Quirke Lake (1 mg C 1"^ and less) compared with 
Dunlop Lake (2 mg C l"""-), caused generally poorer precision 
in estimating primary productivity in the former. Precision 
in l^C counting was similar in the two lakes. Estimates of 
productivity in Pecors Lake should be within similar limits. 

The hourly rate of carbon assimilation on an areal 
basis was integrated graphically. Daily assimilation was 
based on the proportion of the day's isolation received during 
the incubation period. 

2 .3 Bioaasays 

Bioassays of possible limiting nutrients were conducted 
in the laboratory in 190-ml bottles and in the field in large 
polyethylene bags. The responses of phytoplankton to increased 
inorganic carbon and phosphate and to the two nutrients together 
were examined. 
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The polyetliylene bags set in Qulrke and Dufilop Lakes 
in earlir August, 1966, were 3.2 m long and contained 1 m^ of 
water when set. One received 6 mg C l"! as NaHCOj (which 
raised the pH of Quirke water to 6,7 but did not aignif icantly 
change the pH of Dunlop water) , The second reeeived 0.2 mg 
PO4 1"^ as NfajHE'O^-ia HgO, the third received tooth nutrients 
and a fourth Bag served as a control. After several hours 
sainples were dravm from each bag at mid-depth and duplicate 
light-bottles were set up and treated as described previously. 

Duplicate sainples of Quirke and Dunlop Lake waters 
were incutoated in the laboratory at approximately 10 klux for 
5 hours with l^C and additiona of 0.0, 1.5, 3.0, 6,0 and 9.Q 
rag C 1-1 with and without 0.2 rag PO^ l'^. As in the field 
exper iments I MaHCOj and Um^i^ii^'l^ EI2O were uaed. 
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3 , PHYglCMi-ClfflMieMj CmRACTERISTlCS 

3 . 1 lonle description 

Bunlop I^Jce is typical of uncontaminated lakes in 
the pre-Cambrian Shield of Hiorthern Ontario. Quirke Lake 
and Pecors Iiak© have undergone marked changes in chemistry, 
assuniing that their ionic composition prior to raining activity 
resembled that in Dunlop Lake. Comparative data on the ionic 
const ituents of the lakes are provided in Table 1. 

Levels of calciiim, magnesium, sodiunii potassium, 
sulphate, chloride and nitrate increased from Dunlop to Pecors 
Lakes. Most of this increase is coinposed of SO4-2 and Ca+2, 

The possibility that levels of heavy metals might 
have increased in lakes affected by mine wastes was investigated. 
Concentrations of soluble iron (0,03 rag 1"^) , copper (0.02 mg 1"^) , 
zinc (0,05 mg 1"^| and lead (0.04 mg l"^) in Quirke LakOi 
although greater than in Dunlop Lake, did not appear to be 
extraordinarily high. 

3.2 Inorganic^ carbon and pH 

Lakes of the Serpent River system are naturally 
poorly aupplied with inorganic carbon as shown by Dunlop Lake 
(Figure 2) , This reference lake showed the progressive 
depletion of inorganic carbon in the epilimnion and regeneration 
in the hypolimnion during the summer. Quirke Lake had a lower 
concentration of inorganic carbon than Dunlop Lake, inorganic 
carbon in Quirke Lake was erratically distributed with depth, 
although the surface eoneentrations were usually extremely 
low. The few analyses of inorganic carbon from beneath the 
euphotie zone in Quirke Lake Indicated that the lower 
hreoliranion was as poorly supplied as the upper. However, 
this was to be expected in a lake of such great depth (as was 
the orthograde oxygen distribution regularly observed in 
Quirke Lakel . Pecors Lake, which is morphometrlcally comparable 
to Dunlop Lake had similar concentrations of inorganic carbon 
in the hypolimnion, but Pecora Lake twice showed very low 
concentrations in near-surf ace waters, and in this respect, 
resembled Quirke Lake. 
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Siaminary of major ionic constitaents (expressad in mg 1~ ) and total dissolved 
solids in samples froin Dmnlop and Quirke Lakes in 1965, 1966 and 1967 and from 
Peeors Lake in 1966 and 1967. All ions were measured directly by analysis except 
HCOj"-^ which was calculated from total inorganic carbon and pH using the 
molecular proportions of total free CO2 and HCOj"-^ (Hutehison, 1957) . 
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Fifur© 2 - Vertical variation in A. eoncentration of inorganic 
carbon and, B. pH, both determined at the times 
of iweaBurement of primary productivity. 
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The pH of Quirke Lake was less at every depth and tsn 
every occasion than that of Dunlop Lake (Figure 2) . Pecors 
Lake showed intermediate pH. 

The apparent direct relationship between pH and 
total inorganic carbon in the epilimn ion appears to be of 
considerable significance in this study and will be disciissed 
further. 

3.3 Phosphorus, nitrogen and silica 

Levels of soluble and total phosphorus (Table 2) in 
the three lakes were similar, whereas nitrate and Kjeldahl 
nitrogen increased in order from Dunlop to Quirke to Pecors 
Lakes. Compared with Dunlop Lake, only slightly leas ortho- 
silicate was detected in Quirke and Pecors Lakes. 

3.4 Light and temperature 

The Secchi-disc transparency of lakes affected by 
mine wastes was generally greater than in unaffected lakes. 
Such was the case in comparing Dunlop (8 m) and Quirke (15 m) 
Lakes in August, 1965, although transparency was similar 
in June (10 m) , In 1966, a photometer was available to 
provide additional evidence of similar transparency in Quirke 
and Dunlop Lakes in spring followed by progressively 
increasing transparency in Quirke Lake until, by late summer, 
it was almost twice that in Dunlop Lake (Figure 3) . 

The times of formation and disruption of the 
therraocline and its depth in the two lakes were similar 
(Figure 3) . 

The greateat difference in the two lakes, considering 
both optical and thermal characteristics, was in the position 
of the euphotlc zone with respect to the thermoclina (the 
depth of 1% incident light approximated the lower limit of 
the euphotic zone) . The euphotic zone extended well into the 
hypolimnion in Quirke Lake but was confined to the epilimnion 
and therraocline in Dunlop Lake, Pecors Lake, for which less 
data are available, reeembled Quirke Lake with the euphotie 
zone extending prominently into the hypolimnion. 






TABLE II. Itetrieiit levels in Dimlcsp Lake and Quirke Lake, 1965 through 1967, and in 
Feeors Lake, 1966 and 1967. Values of phosphoriis are eacpressed in 



mg WOm 1~ , total Kjeldahl nitrogen (inclpding anmonia) and nitrate as 
ag M 1"''", and orthosilicate as mg SiO- 1" 



Bunlop Lake Quirke Lake Pecors Lake 

ITutrient -g_ ^— p Mo. of liiH Range So. of Mian lange m. m 

Analyses Analyses Analyses 



Soluble 

Ihosphorus 0.03 0.00-0.21 58 0,03 0.00-0.32 64 0,05 0,00-0.28 46 

Total 

Fhosphorus 0.07 0.00-0.70 91 0.06 0.00-1.40 fi 

Nitrate 0.10 0.00-0.50 73 2.90 0.70-5.50 80 

Total 

Kjeldahl 0.69 0.07-2,50 43 1.80 1.00-8,30 8"? 

Orthosilicate 0.89 0.22-2.10 41 0.54 0.24-0.90 22 



0.06 


0.00-0.56 


44 


3.2 


1.1 -7,5 


48 


2.36 


0.26-9.90 


57 


0,58 


0.28-0.79 


14 
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Figure 3 - Isotherins (solid lines) anta isophots (dotted lines) 
in Quirke and Dunlop Lakes during the period of 
sampling in 1966, 
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4.0 SEABQMM, Mm VERTICMi DISTRIBUTIQIff Of FHyrOPLRMlCTOIil 

Definite changes in levela and coiipoaition of 
standing crops of phytoplankton were observed in the three 
lakes. Phytoplankton populations decreased in order from 
Dunlop to Quirke to Pecors Lakes. In ISfiS, average standing 
crops were 62, 30 and 21 organisms per ml in Dunlop, Quirke 
and Pecors iiakes, respectively. Corresponding values in 
1967 were 206, 168 and 31 organisins per ml. 

Clianges in the specif ie composition of the phytoplankton 
were observed between the two contaniinated lakes and the 
unaffected lake. The distribution by classes of the various 
algae reported from Dunlop, Quirke and Pecors Lakea during 
the study period are suraroarized (Table 3). Further examination 
of temporal and vertical changes in specific ccmposltion 
more adequately reflects the impaet of a,cid mine wastes on ^ 
phytoplankton comraunities . 

4 „ 1 Dunlop Lake 

In Dunlop Lake the standing crop of phytoplankton 
was generally higher in 1967 than in 1966, largely due to 
increased numbers of Chrysophyceae, Myxophyceae and Bacillario- 
phyceae. Although the 1967 sampling period was not as 
extensive as that of 1966, two major periods of phytoplankton 
development were evident in both years. 

During the first peak period in the spring of 1966, 
the dominant alga, Aphan izomenon floa -aquae var. qracile was 
concentrated in the upper and intermediate depths of the lake. 
The highest average count (all depths) of 125 filaments per 
ml occurred on April 28 and the alga, disappeared by the middle 
of May, As the sampling program for Dunlop Lake was not 
initiated until May 16 in 1967, there was no record of an 
early spring blue-green pulse , However, low numbers of 
Apha n i zomenon flos - aquae var. gxaeile were found in the May 16 
samples indicating that an earlier period of development may 
have existed. 
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TABLE III, Distribution of phytoplankton in Dunlop, Quirke and 

Pecors Lakes during the spring, summer and fall months, 
1966 and 1967, 



Dunlop 


Quirke 


Peeors 


Lake 


Lake 


Lake 


■■ 


11 


X 


■. 


m 




m 




m 


m 







Bacillariophyceae 

Aaterionella formosa Hassal 

A. gracillima (Hantzsch) Heiberg 

Cocconeia sp. 

Cyclotella bodanica Eulenstein 

£• glot^erata Bachmann 

£. ocellata Pantocaek 

Cymbella aff inia Kiftzing M 

Diatoma vulgare Bory M 

Eunotia pectinalia var. minor (KCftz) 

(Rabenhorat) H H 

Fragilaria crotonensia Kitton H M- ' ' * 

Gomphonema sp. H 

Melosira italica (Ehr.) KUtzing n 1 x 

jiavieula spp, H li it 

Nitzsclila spp,, M H 3C 

M. gracilia Hantzaeh fl' 

Finnularla ap, H 

PI euros Igaa sp, ' u 

Surirella ap, 'ft 

S, angustata iClftzing W • - 

Synedra pulehella (Ralfs) Idltzlng n R x 

i_, uliia (^itEseh) llirenberg ' M 

Tabellaria fenestra^a (Lyngb.) KUtzing x H x 

1, floGeuloaa {Roth) Kfi'tiing H x 



-^^*t. .-».4,-..-,.i;M*-fi...5^',uKi'. 
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Table III - cont'd 

Siinlop Qolrke Pecors 

Lake Lake Lake 

Chlorophyeeae 

ActliiaBtriim sp, Jl 

Ank is t rodeamus Bp, :f|. % 

A, faleattta (Cor da) Ralfa M 

K,. fraetua (West and West} Brunnthaler m 

Ar t hr ode amuB sp. x s 

A. triangular la var, sutotr iangular ia 

(Borge) W. and Q. S. Westx 

Carter la sp. H 

Ch laiiivdontoiia s app. H ;ii 'S 

Ghlorella elllpaoldea Gerneck » H H 

C, vulgaris Beyer inck :ii 

jClosteriuim sp. ^ ^; 

Coelastrum ap., „ m M 

C, mlcroporum Naegeli ■ 

goainarium sp, H, . H' 

Crucigenia quadrata Morren < 1! ' H 

C. reetangularia (A, Braun} Oay k il * 

DlGtyosphaer ium sp. B 

. pulehellum Wood p 

iuastruin sp, ^ 

fllo#oeystia gigas (Kit zing) Lager he,iii x 

0„ vesiculosa ^aegeli ,g 

Oolenklnla radiata Chodat m, '* H 

Klrehner ifllla sp. % 

K. subsolitarla G,„ S, Weat s 



■•■^'!S|h-; -:* *|f^;-Vj: 'a.^'; 
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Table III - qont'il 



Dunlop Quirke Fecors 

tMkm laikB .Lak® 

Micractiniuin pualll\im Fresenius H 

M, quadrisetmn (Lenunerniann) G, M, Sroitli k 

Mougeot la sp. * ■• ■ ^ 

Hephrocy t ium llmneticum (G, M. Smith J x 

Oedogoniup ep, • 

Qocyf St is Borgai Snow H 

O. parva West and G. S. Weflt W 

O, pus ilia Hansgirg * 'K ^ , 

Fed la strum Boryanuii (Turpin) Meneghini x 

Flank toaphaer ia gelatinosa O, M. Smith H 

Quadrigula closterioideB (Bohlin) frintz x 

Scenedesrous Barnard il G, M. iinith < 

i, blguga var. alternani (Reinsch) 

Hansgirg .- W 

£, quadricauda (Tiirpin| Brebisson H 

Bchroederia @p, •• 

Selena 3 trTOi minutum {Naeg.) Coll Ins « « 

SphaerocyBtis achrogterl Chodat x Ji 

Spirogyra sp. If 

gtaurastrum sp, M 11 

S, Johnsonil West and 0, S, West m. 

Tetraedron sp. P 

T. mlnimiun (A, Braun) Hansgirf il 

Ulothrix sp, B •• 
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Table III - Cont'd 



Dunlop Quirke Peeors 
Lake Lake Lake 

Chr y s ophy e e a e 

Clirysopihaer e 11a longtspina Lamterborn x 

Dlnobryoii bavar icum Imhof M Wt 

D, cyllndricum Imhof Ji; H B 

g, flertularia Ehrenberg ^ H K 

D. sociale Ehrenberg X • M. 

D, aociale var. ainerlcanuni (Brunn.) 

Bachina.im x, W. 

D. ¥anboef fenli (teleg.) Bachinaiin M 

Mallonionas acaroides Party H 

Rblzochrysis limnetlGa Q. M. Smith x 

Synura uvalla Ehrenberg 3C 

Cryptophyceae 

CryptOTOonas erosa Ehreiiberg H * 

C, ovata Ihrenberg B' ' •* ' 

Dinophyeeae 

Gertlian hlrundinella Co.F. Muell) 

Dujardin M: 

Glenodinium cmadrideng^ (Stein) 

Schiller ■ 

Peridiniura cinctuii (Muell . ) Ehrenberg x p 

P , in o o n a p 1 e uup Leinmeriiiaiiin M 

P. pusillup (Penard) LenHnerinann » * 
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Table III - Cont'd: 



Dunlop 
Lake 



Quirk© Pecors 
Lake Lake 



lugl enophyeea© 
luglena sp. 
Tr a che 1 omona a ap. 
T . robuata Swlrenko 

Myxophyceae 

Apabaena ip, 

A. apiroldea var. craaaa Lemmermann 

Aphanizomenon f los - aquae var ^racile 
(Lemmermann) Elenkin 

Aphanocapaa elachlata West and West 

A, elachiata var. conferta Weat and 

Weat 

A, pulchra (Ktftzing) Rabenhorst 

AphanQtheee clathrata Q, S. Weat 

A, gelatinoaa {Henn.) Lenmernianii 

A. aaxlcola Haegeli 

Chrooaoccua diaper aua (Keiealer) 

lienunermaiin 

C. limnetlcua Leiranermaim 

C. limneticuB var. carneus (Chodat) 

Lemme r ma n n 

e, Preacottll Dromet and Daily 

C_. turgjdua (Kttzlng) llaegell 

Coeiosphaer ium Kue t z ing ianum N a egel 1 

C, Waegellanum Unger 



m 

m ■ K 

'HI 



3C 

n 

n ' 
n ' 

m 

K 

X 
X 

K 
X 

K 

x: 
X 



m 
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Table III ~ Cont'd 



Dtinlop 


Quirk© 


WmGovm 


Lake 


Lake 


Lake 


m 






X 


m 






m 


X 


m 


■1 


X 


K 


M' 


X 


X 


» 


X 



£.• pallidum Lemmerinann 
Dactylococcopsia acicularis Lemmermann 
D. fascicular is Lemmerinann 
D. rhaphidioides Hansgirg 
D. Smith ii Chodat and Chodat 
Gloeothece rupestris (Lyngb.) Bornet 
Gloeotrichia natana (Hedwig) Rabenhorpt 
Gomphoephaer ia spp, 
G. lacustris Chodat 
Merismopedla convoluta Brebisson 
*i* gjgmcg (Ehrenberg) Naegeli 
M. tenuissima Lemmermann 
Oscillatoria subbrevia Schmidle 
Plectonema not a turn Schmidle 
Rhabdoderma Gorakii Woloszynaka 
R, lineare Schmidle and Lauterborn 

^nthophyeeae 

iotryococeus Braunii Kfltzing 

£, protuberans W, and G, S, Weat 



m 
m 

Ik: 



IE: 

X 

m 



m 



n. 
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In 1967, the first major pulse, extending from May 
to August, was characterized by high numbers of Chrysophyceae. 
Representatives of this class were also present in low to 
moderate numbers from May to July in 1966. In both years, 
the Chrysophyceae included Dinobryon divergens , D. bavaricum , 
D. sociale , D, Vanhoef fenii , D. cylindricum and D. aertularia . 
In addition to these species, moderate numbers of Chrysophaerella 
longispina were recorded from Dunlop Lalce during May and June 
of 1967. Highest average counts of 30 and 269 cells per ml 
were recorded on May 17, 1966 and July 15, 1967, respectively. 
Highest numbers of Chrysophyceae were found at 10-14 m in 
both years. In 1966, the chrysophycean population gradually 
decreased so that by the end of July it was virtually absent. 
In contrast, the 1967 decline was abrupt, occurring near the 
end of August. 

^he second period of phytoplankton development 
materialized in both years during August and continued until 
the beginning of November in 1966 and until sampling was 
discontinued early in October of 1967. In contrast to the 
1966 spring-time condition, when only one alga dominated, 
the mid-summer standing crops for both years were characterized 
by four species of Chroococcus , three species each of 
Aphanothece , Dactylococcopsis , Coelosphaer ium and Merismopedia, 
two species each of Aphanocapsa , and Rhabdoderma and Gomphosphaeria 
lacuBtris . Greatest numbers occurred above the thermocline 
but no near-surface concentrations were observed. Maximum 
blue-green populations during these periods averaged 135 and 
163 organisms per ml recorded on August 15, 1966 and August 30, 
1967, respectively. 

In both years the major diatoms included Cyclotella 
bodanica , C . qlomerata . Aster ionella formosa , Tabellaria 
fenestrata and Melosira italica and were found during the 
entire sampling period. In 1966, diatom averages varied 
between 7 (November 15) and 26 (August 3) cells per ml, but 
in 1967, corresponding values were higher, ranging between 
20 (July 15) and 106 (July 28) cells per ml. For both years 
maximum numbers appeared in samples collected from 18-22 m. 
The Chlorophyceae, although present on every sampling occasion, 
never exceeded an average of 4 organisms per ml in 1966 and 
20 organisms per ml in 1967, and were evenly distributed 
throughout the euphotic zone. Representatives of the 
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Cryptbphyceae were not recorded from Dunlop Lake in 1966, 
In 1967, however, small numbers of Cr^pjomon^s erosa were 
encountered in the euphotic zone, 

4,2 quirke Lake 

The standing crop of phytoplankton increased from 
1966 to 1967 due entirely to dominance of a single blue-green 
species. Two periods of phytoplankton development occur red 
in 1966 and one in 1967. 

In 1966, the first and larger pulse was recorded 
during April when Aphanlzomenon flos - aquae yar, qracile 
dominated and was found in highest numbers at 7-22 m. The 
highest average for this alga of 73 organisms per ml was 
somewhat lower than that recorded for the same period in 
Dunlop Lake. A gradual decline in numbers of Aphanizomenon 
f los - aquae continued until the end of May. As sampling did 
not commence until May 15 of 1967 in Quirke Lake, it is 
impossible to confirm whether a blue-green pulse of 
Aphanizomenon f los-aquae had developed earlier in the year. 

In both years phytoplankton levels increased 
rapidly commencing in the first week of June. During these 
peak periods of production, the standing crops were dominated 
almost entirely by the blue-green form Plectonema notatum , 
which appeared evenly distributed vertically to the raaxiravun 
depth sampled. Although Plectonema declined gradually until 
mid-November in 1966, in 1967 numbers of this species prevailed 
until the sampling program was curtailed in the first week 
of October. 

With minor exception (i.e. small numbers of Dinobryon 
sertularla , D. cyclindricum and D. sociale in June and August 
of 1966 and September and October of 1967), representatives 
of the Chrysophyceae and Bacillariophyceae were rarely 
encountered in Quirke Lake during the study. Chlorophycean 
algae occurred consistently in Quirke Lake attaining maximum 
averages of 16 organisms per ml on July 13, 1966 and 37 
organisms per ml on July 14, 1967. Although absent in 1966, 
Peridinium pus ilium , a dinoflagellate, was found regularly 
in the 1967 samples. Cryptophycean algae were not observed 
in any of the samples collected. 
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4*3 PecorB Irake 

As regular samples were not collected from Pecors 
Lake in 1966, it was impossible to determine accurately changes 
in the qualitative and quantitative seasonal and vertical 
distribution of phytoplankton communities. However, regular 
sampling was carried out during the sumner of 1967, 

On June 14, 1966, a number of species of Dinobryon , 
including D. bavarlcum , D, c ylindricum , D. sertularia and 
D. soeiale averaged 39 organisms per ml. These algae dominated 
at all depths, but were found In greatest numbers in the 
samples collected from the lower euphotlc zone. Although 
the same species were encountered throughout the entire period 
in 1967, corresponding numbers were extremely low, ranging 
between 2 organisms per ml on June 6 and 7 organisms per ml 
on June 28, , , = 

On August 17 and September 28 (the only other days 
when samples were collected in 1966), the major alga, 
Fleet on ema notatum , attained average maxima of 8 and 9 
organisms per ml« respectively. 

In 1967, the main period of phytoplankton development 
occurred between August 2 and the end of September. During 
that time, Ghlamydomona s spp, and Plectonema were the dominant 
algae with maKimum averages of 23 and 18 organisms per ml, 
respectively. Optimum conditions for these algae appeared 
limited to the intermediate depths (10-18 m) of the lake. 
Although chlorophcean algae were encountered on each of the 
three sampling dates in 1966, their numbers were extremely 
low, never exceeding a mean of 4 organisms per ml, which 
occurred on September 28. These algae were rarely encountered 
in 1967, 

Generally, the diat(xna were absent during the study 
period. However, representatives of this class were present 
in July and August of 1967 when levels of 5-10 organisms per 
ml were recorded. The major species, Synedra ulna , £. pulchella 
and Tabellarla fenestrata were evenly distributed throughout 
the water column to a depth of 22 m. Low numbers of Peridinium 
pus ilium and Cryptomonas erosa were recorded in 1967 but were 
not observed in 1966, 
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4.4 Species diversity 

Table 4 summarizes the mean, maximum and ralnlmum 
indices of diversity for each sampliiig date in the three 
lakes. Witli one exception (May 16, 1967) mean Indices of 
diversity in QuirTce and Pecors Lakes were lower than those 
in Dunlop Lake. A trend toward increased diversity during 
the later suitmer and fall months In the three lakes was 
observed. The index of diversity within the three conutiunities 
was usually Inversely related to standing crops of phy top lank ton, 
For exaraple, in March and April 1966, the phytoplankton 
conwnunities in Quirke and Dunlop Lakes were dominated by high 
nuinbers of Aphanlzomenon fjos - aquae var, graclle . During 
this period, indices of diversity were relatively low at 
2.74 and 3.02 in Dunlop Lake and 1.66 and 1,53 in Quirke 
Lake. One exception occurred in Dunlop Lake in sunntier when 
both the standing crops and indices of diversity were high. 



i 






TMmM I¥. Mean, niniiBura and maxiaium values of th« Index of Diversity (I) for eaeh sampling 
date in Dunlop, Quirke and Pecors lAkes, 1966-1967. ArithmetiG roeaii I is based 
on 5-6 samples collected fi-oni a series of depths on each date. 







Dunlc^ lake 






Quirke Lake 




Peeors Lake 


Date 
























Mean 


Minimum 


itoxinum 


Mean 


Minlmium 


Maximun 


Mean 


Minimum 


Maximuii 


1966 






















Blareh 31 




2.74 


1.60 


4.10 


1.66 


0.81 


2.53 








April 29 




3.02 


2.43 


3.63 


1.53 


0.99 


2.03 








May 19 




3.59 


2.60 


4.36 


4.85 


0.73 


5.87 








June 14 




4.50 


3.09 


6.66 


1.10 


0.56 


1.54 








June 28 




5.99 


4.67 


7,69 


1.63 


0,84 


3.41 








June 29 
















2.87 


1.91 


3.71 


July 13 




6.91 


5.06 


8.93 


1.81 


1.17 


2.83 








July 28 




4.94 


3 . 50 


5.88 


3.21 


1.12 


6,49 








August 13 




6.68 


4.79 


7.79 


2.30 


0.99 


4.05 








August 17 
















2.89 


1.69 


3.94 


August 30 










2.43 


1.60 


3.14 








September 


26 


6.74 


5.33 


7.79 


2,11 


0.52 


5.07 








September 


28 














3,66 


2.69 


4.93 


October 2C 


) 


7.53 


5.93 


9.27 


5,12 


3.17 


S.31 








Noveiriber 15 


i,59 


7.40 


11.59 


6.91 


4.68 


8,04 








1967 






















May 16 & 17 


3.61 


2.22 


4.79 


3.81 


3.33 


4.31 


3 .60 


3.46 


4.01 


Jime 6 & 7 


4.57 


2.43 


8.04 


2.89 


2.00 


3.93 


2.80 


2.32 


4.00 


June 27 & 


28 


5.88 


4.65 


7.30 


3.30 


2.65 


3.98 


3.80 


2.15 


4.90 


July 13,14 & 15 


6.57 


4.42 


8.88 


3.37 


2.41 


4.48 


3,10 


2.53 


4.46 


July 27 & 


28 


9.02 


6.50 


12.25 


2.34 


0,68 


4.83 


4.00 


0,91 


7.63 


August 28 


& 31 


7.09 


5.07 


9.41 


4.03 


1.77 


5.47 


3.80 


3,21 


S.OO 


September 


13 


7.81 


5.14 


9.71 


4.25 


3.26 


5.64 








October 2 


& 3 


8.22 


7.52 


9,20 


4.09 


2,79 


5.48 


3.30 


2.07 


4,69 



..mL- 



fc&f1».iJ.i'- 
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5 *0 PRIMMIY PRODUCTIVITY 

5-1 Productivity per unit volume 

Hourly rates of carbon assimilation (Appendix Ai 
Tables 1 and 2) were as great as2-3mgCm~-^ in Dunlop Lake 
during the development of blue-green algae in 1966. Rates 
exceeding 1 rog C m~-^ hr"-!- were ccMnmon in Dunlop Lake and rare 
in Quirke Lake, while the maximum rate observed in Pecors 
Lake was 0,4 mg C ra"^ hr-1. Although integralB (mg C m-2 hr"^) 
should be used when comparing productivities of the lakes, 
an examination of volume-based rates with corresponding 
concentrations of nutrients, light intensity and standing 
crops of algae is informative. Inorganic carbon appeared to 
be the most important of the nutrients in controlling 
productivity. This variable, together with data on light and 
algal standing crops, were related in multiple regression to 
primary productivity. The multiple correlation coefficient 
was 0.70 while the simple correlation coefficients were 0.52 
for algal crop, 0.36 for inorganic carbon and 0.32 for light 
intensity. The estimating equation iss PP ■ -0,9065 + 0,0045A + 
Q.2701C + 1,4007 log I where PP is primary productivity in 
rog C m~^ hr~^, A is algal standing crop in areal standard 
units per ml, C is inorganic carbon in mg C 1"^ and I is 
light intensity in lux, 

5.2 Areal productivity 

Integrals of hourly primary productivity are presented 
graphically with areal standing crops of algae, transparency 
and position of the thermocline (Figure 4) , Means of primary 
productivity measurements in Dunlop. Quirke and Pecors Lakes 
were 12,6, 7.0 and 3.3 mg C m"2 hr~^, respectively. Extrap- 
olation to mean daily rates gives 126, 71 and 34 mg C m~2. 

All of the lakes should be classified as oligotrophic 
on the basis of absolute levels of primary productivity. 
(See Table 10 in Wetzel, 1964 and Table 9 in Strickland, 1960 
for comparison of many fresh and marine water bodies). However, 
indications of mesotrophy in Dunlop Lake are the clinograde 
oxygen distribution in summer, the presence of many species 
Of blue-green algae in rather large numbers in raid-summer. 
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particularly in 1967. The vertical distribution of photo- 
synthesis with near-surface maximum and decrease with depth 
corresponding to the exponential decrease in light (Figure 4) 
was characteristic of Dunlop Lake except in August, 1965. 
The common distribution resembled Findenegg's Type I (1964) 
of eutrophic lakes. Fihdenegg considered that ",,,. the shape 
of the vertical assimilation curve is very much more informative 
with regard to the degree of eutrophication than is the amount 
of organic matter produced per surface unit". His Type II, 
characteristic of oligotrophic lakes, has an orthograde 
distribution of assimilation with light inhibition in the 
uppermost layer and no depth of pronounced optimal photo- 
synthesis through a deep euphotic zone. The scarcity of 
nutrients rather than decreasing light limits photosynthesia, 
Qulrke Lake showed this type on several occasions, although 
in June, 1965, vertical assimilation was obviously of Type I 
and assimilation approached Type I in October, 1965 and June, 
1966. Pecors Lake had the Type II curve but showed above- 
average assimilation in the hypolimnion at very low light 
intensity (1% of incident light), as did Quirke Lake each 
mid-summer. The greater concentration of inorganic carbon 
and perhaps other nutrients and growth factors in the 
hypo limn ion appeared to be responsiblje, , .^^. „>«>.* 

The 15 areal estimates of productivity were related 
to the corresponding amounts of inorganic carbon and algae 
in the euphotic zone (Figure 5). In multiple regression 
analysis 63% of the variability in primary productivity 
was accounted for by variations in standing crop of algae and 
concentrations of inorganic carbon. The estimating equation 
is I PP ■ -10.5495 + 2.3813 log A + 0,1996 C where PP is in 
mg C m-2 hr"^, A is asu m"^ / 10^ of phytoplankton and C is 
inorganic carbon in mg C m"^. 

5 , 3 Bloaasays 

The increase of inorganic carbon by 6 mg C 1"^ in 
Quirke Lake doubled the rate of primary productivity in the 
experimental bags (Table 5) , The addition of phosphate did 
not produce an increase. Both phosphate and inorganic carbon 
alone increased productivity in polyethylene bags in Dunlop 
Lake, while the combination provided the greatest increase 
over productivity in control bags. Although this bioassay 
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Figure 5 - Relationships between integrals of primary 
productivity and A, inorganic carbon in the 
euphotic zone, and B. algal standing crop in 
the euphotic zone. Regression analyses 
conoidering both carbon and algae sr© discussed 
in the text. 
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TABU! V, Carbon asBimilation (mg C m"^ hr"!) in Quirke 
and Dunlop lake waters In plastic bags with 
and without nutrient additions as indicated. 



Addition Quirke Lake Dunlop Lake 

None 

Phosphate (0.2 mg PO^ 1"^) 

Inorganic carbon (6 mg C l"-'-) 

Inorganic carbon and phosphate 



0.13 


0.38 


0.08 


0.93 


0.19 


1.11 


0,13 


1,21 


0.24 


1.88 


0.23 


1.45 


0.27 


3.73 


0.25 


4.00 
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experiment was carried out only once, it pointed to the 
importance of inorganic carbon in epilimnetic waters, at 
least in mid-summer in both Quirke and Dunlop Lakes. The 
lack of response to phosphate in Quirke Lake may have occurred 
because of the greater limiting role of inorganic carbon or 
preference of the phytoplankton species present at the time 
(e.g. Dinobryon spp.) for low concentrations of phosphate. 

The laboratory experiment showed increasing assimil- 
ation with increasing inorganic carbon concentrations whether 
phosphate had been added or not. Assimilation appeared to 
reach an asymptotic level of 0.7-1.0 mg C m~^ hr"^ at about 
5 mg G 1~^ in both lake waters (Figure 6) . The interaction 
of phosphate and carbon did not give maximum assimilation in 
Dunlop water in the laboratory as it had done in the field. 
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Flfure 6 - Relationaliip between carbon aaslmilatlon an4 
eoneentration of inorganic carbon following 
additions of NaHCOj in in vitro bioassaya, 
PhoBphorua (0.2 nig PO^ 1-^) waa added to one 

^iiaif o£ th« aanplea {eioaed circles) , 
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6.Q EFFECTS OF ACID MINE WASTES 

6.1 Chanqea in lake chemistry 

Differences in the chemical composition of lakes 
affected by acid mine wastes can be related to various processes 
used in the extraction of uranium and subsequent treatment 
of wastes. For example, sulphuric acid is used in leaching 
milled ore, nitric acid in eluting uranium from ion-exchange 
resins and lime in neutralizing "barren" solution. These 
processes account for the increased concentrations of 804"^^ 
N03"^ and Ca+S, 

Acid wastewater is now neutrallEed with CaO prior 
to impoundment in the tailings areas, although this was not 
done in the earliest operations. However, effluents from the 
ponds to the main lakes have a low pH, probably due to bacterial 
oxidation of metallic sulphides in the tailings, and provide 
the high free mineral acidity characteristic of contaminated 
lakes (Table 1] . 

Low concentrations of inorganic carbon are associated 
with low pH (Figure 2) . The low inorganic carbon results from 
the reduced solubility of CO2 and its loss from the epllimnion 
stirred by wave action and possibly by reduced regeneration 
of CO2 from the sediments. 

Other nutrients were in greater supply in the 
contaminated lakes than in the reference lake (e.g. nitrate) , 
or occurred in concentrations similar to the reference lake 
(e.g. phosphorus and silica) , Heavy metals did not appear 
to have attained high concentrations in contaminated lakes. 

6.2 Comparison of species composition 

Several notable differences were observed in the 
species composition of phytoplankton between the reference 
and contaminated lakes. Firstly, many species of the 
Baclllariophyceae, Chrysophyceae and Myxophyceae developed 
in Dunlop Lake but were absent or occurred in extremely low 
numbers in Quirke and Pecors Lakes. Secondly, several species 
were found regularly only in contaminated lakes including the 
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diatom Eunotla pectinalis var. minor , which tolerates high 
calcium concentrations and develops especially well in acid 
waters (Patrick and Reimer 1966), and the blue-gree alga 
Plectonema notatum ^ which may be confined to waters of low 
pH, Three members of the Chroococcales (Myxophyceae) , 
ChroocQccus Prescottii , Dactylococcops is Smith ii and 
Rhabdoderma lineare , were found in greater nximbers in the 
contaminated lakes than in Dunlop Lake. Apparently, these 
species tend to flourish in acid waters (Preacott 1951) , 

Similarities in speeies coraposition occurred, shdWn 
particularly by the importance of Aphanizomenon flos - aquae var. 
gracile in the three lakes, but the communities of these 
lakes clearly had individual characteristics. Modification 
of communities in adapting to conditions of high salts and 
low pH was apparent in the resemblance of the conmunities in 
Qulrke and Pecors Lakes which otherwise are least alike 
{e.g. size and depth), 

6.3 Species diveraity 

Average species diversity throughout the sampling 
periods was proportional to average population size in the 
three lakes. Therefore, the reduction in the population of 
phytoplankton in contaminated lakes appears to be due to the 
elimination of species as well as to reduction in numbers of 
surviving species. However, when higher numbers were attained 
in contaminated lakes, diversity did not increase. For 
example, the numbers of phytoplankton were relatively high 
in Quirk® Lake in July in both 1966 and 1967, but spec leg 
diversity was low because Plectonema notatum dominated. In 
contrast, several species comprised the large population which 
developed in Dunlop Lake each summer, A greater degree of 
community organization is indicated in the reference lake, 
while modification of the environment in contaminated lakes 
appears to lead to lower organization and to the general 
occurrence of opportunistic species like Plectonema notation. 
The development of an opportunistic species Aphan i zomenon 
flos -aquae var. gracile . in the reference lake, concurrent 
with low species diversity, was confined, to the initial sprtif; 
pulse. 
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The cycliGal seasonal trencl in species diversity, 
low in the spring with a general increase toward fall (Table 4) 
is a transition which might be of general occurrence in these 
lakes. Although this cycle is of interest frcwn the viewpoint 
of ecosystem succession, maturity and organization, we have 
not pursued the matter in the present study, 

6.4 Abundance and distribution of phytoplankton 

Contaminated lakes had low populations of phytoplankton, 
Average numbers per ml throughout the study were 134 in Dunlop, 
the reference lake, and 99 and 25 in Quirke and Pecors Lakes^ 
respectively. 

Maximum nijinbera in Dunlop Lake occurred higher in 
the euphotic zone than in Quirke and Pecors Lakes where the 
phytoplankton was either rather evenly distributed throughout 
the euphotic zone or confined to the lower portion within the 
thermocline and in the hypol iron ion. The latter distribution 
provides sorae evidence of more favourable conditions in the 
lower euphotic zone in contaminated lakes, which is where 
greater concentrations of inorganic carbon are available. 

The seasonal distribution of phytoplankton was 

similar in all lakes, with two periods of development aa 
described previously. 

6.5 Primary productivity 

The importance of inorganic carbon in limiting 
primary productivity was apparent in iri situ areal and 
volumetric measurements, in laboratory bioassays and in 
bioassays carried out in polyethylene bags in the lakes. 
Although levels of phosphorus were similar in the three 
lakes, added phosphate increased carbon assimilation in 
polyethylene bags only in the reference lake (Table 5) , 
Although all evidence obtained to date points to the 
limiting role of inorganic carbon in contaminated lakes, 
the importance of other factors should not be discounted 
(e.g. ratio of raonovalent and divalent ions and changes in 
concentrations of dissolved organic substances including 
growth factors) , 
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Average primary produetivity in Dunlop, Quirlee and 
Pecors Lakes was 126, 71 and 34 rag m"^ day"^, respectively. 
Generally, Dunlop Lake was more produetive than the contaitiinated 
lakes. However, Quirke Lake had rates siriiilar to those in 
Dunlop on three occasions (Figure 4) , On these occasions the 
flew from Dmnlop to Quirke was high. Possibly the inflow 
of water richer in inorganic carbon maintained a higher 
primary productivity in Quirke Lake. Pecors Lake, which is 
supplied by water generally low in inorganic carbon, was 
characterized by low standing crops of phytoplankton and low 
productivity throughout the study, 

A eompensatory raechaniati acts to reduce but does not 
eliminate the loss of inorganic carbon from contaminated lakes. 
The reduction in phytoplankton, among other possible factors, 
led to an increase in the depth of the euphotic zone, which 
extended into the hypolimnion in Quirke and Pecors Lakes 
(Figure 3) . The average Btanding crop of phytoplankton in 
Dunlop Lake at times when productivity was measured was 
68 asu. In Pecors and Quirke Lakes crops were 7 and IB asu, 
10 and 2496 of the phytoplankton in Dunlop Lake, The average 
depth of the euphotic zone in Pecors and Quirk© Lakes at these 
timea was 110 and 130% of that in Dunlop Lake where it was 
22 m. Therefore, any compensating effect of lower concentrationB 
of phytoplankton in producing a deeper euphotie zone appears 
to be of limited significance. However, ati extension of 
the euphotic aone into the hypoliranion, where greater concen- 
trations of inorganic carbon occurred (Pigure 2), might be 
expected to enhance this mechanism if iuffleient light 
remained. The depth of overlap of the hypolimnion and euphotie 
zone received 1-10^ of incident light and a large proportion 
of the total carbon was assimilated at a very low (t 1%} light 
intensity in contaminated lakes (Figure 4). However, because 
the light was so reduced in the hypolimnion, the raeehanisma 
described above fell far short of compensating for the 
reduction in species diversity and abundance of the phytoplankton 
which developed. Honetheleas, the most efficient use of 
inorganic carbon in contaminated lakes probably was the use 
of carbon held in the hypolimnion, much of which might other- 
wise have been lost from the lakes at times of complete 
cirGulation. 
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7,0 CQIICIiOSIOM 

It is concluded that Inorganle carbon liiiiited 
primary productivity in the lakei contanined by acid mine 
wagtea, with the reduced pH and inorganic carbon decreasing 
both the number of apeclea and the total number of phytoplank- 
ton. Rageneration of inorganic carbon probably la impeded 
by acid conditions in these lakes and carbon is cycled 
ineff ielently, much 'being lost at O'Verturn and from, the 
epillmnion during stratification. Outside sources of 
inorganic carbon appear to be of extra Intportance to contam- 
inated lakes, fhe reduction in primary productli/lty in lakes 
affected by acid mine wastes would be es^jected to^ affect 
adversely higher trophic levels including fish and delay 
the removal of radionuclides to the deep sediments of the 
lakes . 
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8.0 RECOMMEMmTIQ^g 

1. Complete and continuous control of pH should 
be one of the primary objectives of acid mine waste treatnent. 
Liquid wastes ■hould be adequately treated and sol ids carefully 
controlled so as not to cause a decrease in the pH of receiving 
lakes below an 0I7RC approved point of control at the time of 
dlscharfe and at any future tine, 

i. 'The feasibiilty of accelerating the reclamation 
of lakes already damaged by acid mine wastes should be 
Investigated. The controlled addition of alkali and/or well 
buffered organic materials might be of practical value. 
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Table 1. Duplicate measure: 

selected depths (l _, _ 

asfliiQllatlon fiag C m-* hx" 

Iiakea on aix dates in 1965 and 1966. 



ts of carbon assimilation at 
C m"^ hr~n and integrals of 
-2 t,^<-Ij £u Quirke and Dunlop 



Depth (m) 


' June 17 


1965 

Aug. 10 Oct. 2 


June 14 


1966 
Aug. 3 


Sept. 26. 






Quirke Lake 








% 


0.30 


0.19 0.12 


0.52 


0.04 


0.04 




0.2i 


0.19 


0.23 


0.02 


0.03 


f 


0.92 


0.80 


0.54 


0.05 


0.05 




1.16 


0.08 1.03 


0.22 


0.09 


0.02 


11 


1.13 


0.12 0.39 


1.08 


0,09 


0.06 




1.46 


0.27 0.27 


0.58 


0.08 


0.18 


19 


0.26 


0.04 0.19 


0.24 


_ 


0.06 




0.29 


0.08 0.28 


0.22 


0.06 


0.06 


24 


_ 


0.12 0.07 


0.02 


0.01 


0.05 




0.09 


0.04 0.05 


0.02 


0.01 


0.04 


30 


0.04 


0.06 0.02 


< 0.01 


0.05 


0.03 




0.01 


0.12 0.02 


< 0,01 


0.06 


0.03 


1^30 


17.5 


3.0 8.6 


12.3 


1.5 


1.4 




14.0 


4.1 11.0 
Dunlop IiBke 


7.0 


1.9 


1,7 


t • 


0.i6 


0.71 1.26 


1.99 


2.61 


0.98 




_ 


0*54 1.50 


1,97 


2.10 


0.73 


6 


1.05 


0.4? l.OS 


1.11 


2.22 


3.60 




1.33 


0.45 1.46 


1.00 


0.53 


2.41 


10 


0.76 


0.72 0.20 


0.26 


0.38 


0.16 




0.85 


0.72 0.25 


0.19 


0,56 


. 


14 


0.32 


0.18 0.03 


o.id 


0.31 


0.17 




. 


0.18 0.03 


O.OS 


0.44 


- 


19 


0.01 


0.08 0.01 


0.03 


- 


0.18 




< 0.01 


0.06 0.01 


0.01 


_ 


0.26 


33 


< 0.01 


0.02 < 0.01 


< 0.01 


< 0.01 


0.02 




< 0.01 


0.02 < 0.01 


< 0.01 


< 0.01 


0.02 


0-23 


11. i 


8.3 9,3 


11.4 


20.0. 


18.2 




14.0 


1.9 11.9 


9.6 


17,9 


11.3 
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Xable 2. Duplicate measurements of carbon assiiailatlon at 
selected depths (mg C wr^ hr -^) and the two 
independent integrals of assiiRllation (mg C m"^ hi: "*■) 
in Pecors Lake on three dates in 1966. 



Depth (m) 


June 2§ 


August 17 


Smpt^aibmx 28 


i 




0,04 


0.04 




0.25 






0.02 


0.05 




0.22 


• 




0.02 


0.04 




O.lf 






0.06 


o.ia 




0.11 


:li 




0.06 


0.07 




O.IJ 






0.07 


0.10 




0.11 


m 




0.03 


0,39 




O.Oi 






0.10 


0.29 




O.Oi 


m 




0.02 


0.15 




0.13 






0.02 


0.27 




_ 


M 


< 


0.01 


0.07 


< 


0.01 




< 


0.01 


0.07 


< 


0.01 


i - 21 




1.1 


3.2 




3.1 






5.8 


4.0 




2.4 



i.j^iaii:»ife .~_ii3f . 
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APPENDIX B 

Table 1. SMBBajcf O'f ia-'ta, on phytiop lank ton eollect'ed in Dunlop hrnkm on thrB^e date's in 1965. 
ea«ples wmrm coilacted at eiffct depths to 31 metres, Eesults are axprgssed in. 
areal Btaadart \mltm pex millilitre. 'Cp' indicates presence at '-tl asm 

'————— -^"-^^ JmeT? ' August 10' ^ October 2 ~' 
1 5 10^ 1.4 1:8 22 27 31 1 5 10 14 I B 22 27 Bl 1 5 10 14 18 22 27 31 

Myxophyceae 

Gomphosphaaria 121 3 S^ 94 3 44 1. 121134 2 1 

Anacystis 11222 2263123 1 11121121 

Aphanocapsa p 

Soto-total 2 3 3 2 2 p 5 7 15 7 4 i 7 2 2 '3 2 3 4 9 4 2 

.Clirysopliyce.ae 

Dinobryon 16 13 3 iB 1 9 3 9 4 6 p 1 

Mall'Oiin'nas _ p 

S:yii'ura p 

Stas-tO'tal 16 13 3 B 1 9 3 9 p 4 6 p 1 

il lar'ioptiyceae 

Syn,edra. 2 2 3 2 12 1 1 p p p p p p p p p 

||elas.ira 12 5 11 13 ' 1 p 2 p 2 p 1112 3 12 

■Cyelotella S 7 3 2 2 1 p I 1 1 p p 1 P P P .p P P 

Asterionglla 4 5 7 9 3 5 p 11 S^ * 4 6 5 4 2 2 2 2 3 7 7 10 6 

Navieala 1 1 p 1 1 

TabeH.ar±a 12 6 W 2 5 5 21 7 9 6 3 4 4 2 3.2 22 17 39 38 36 13 3 

Fiim'ul.ari.a p 

Pragilaria 1 ' ' 1 p p 

- - - - - 

SiA-total 12 26 21 25 25 24 19 41 13 14 13 9 11 § 4 34 25 20' 43 47 46 24 11 
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Table I- continaed. 



jtme 17 August 10 October 2 

1 S 10 14 IS 22 21 31 1 5 10 14 18 22 27 31 1 5 10 14 18 22 27 II 



Chlorophyceae 

DictyosphaeriuB 1 



ScenedesiBus 

Micractinium 

Chlorella 

Quadrigula 

France ia 

Crucigenla 

Oocystis 

Ankistrodeamus 

Gloeocystia 

EuastruB 

Ch 1 amydononas 

Arthrodesmus 

Staurastmm 

Micrasterias 

Closterium 



p F p jp 

P P 1 

1 P 

1 p 
1 

P W 

2 P P P 
P P 



1 I p 1 1 1 p 

1 1 p 



Siib- total 



Euglenophyceae 
Euglezia 



Sub- total 



Dinophyceae 
Peridiniua 

Ceratium 



1 p 



P" 



1 I 1 



P P 



p p 

1 1 



p p p 



P P P -P 
1 S 2 1 p 

P 



lip 
11 1 

P 



2 S 5 2 1 1 p 2 6 3 1 p p p 



1 3 2 p 1 p p 



Sub- total 



1 p 



TOTAL 



34 47 33 37 29 IS It 57 30 41 21 13 17 IS 6 40 35 25 48 52 56 28 13 
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Table 2. Sranmary of data on pliy top lank ton collected in Qairke Lake on three dates in 196S. 

S^amples were collected at eight depths to 39 ■etres, aesults are expressed in 
areal standard miita per nuLllilitre. 



June 17 
1 6 12 17 23 28 34 39 



August 10' 
1 6 12 17 23 28 34 39 



Octdber 2 
1 6 12 17 23 28 34 39 



MyKopliyceae 
.Anabaena 

O'SoillatO'ria 

Anacystis 



p p p p 



1 1 p 2 
1 3 



Sub- total 


P 










1 P 


P P P 










1 


2 


p 5 


■dhrysophyceae 
Dinobryon 


P 


1 21 


P 


P 


P p 


2 p p 


1 


3 


5 


3 


6 


5 


3 


3 


Sub- total 


P 


1 21 


p 


P 


P P 


2 p P 


1 


3 


5 


3 


6 


5 


3 


3 



Sac il lar iophyc eae 

Synedra 1 I p p p p 

Melosira 1 



Cyclotella 


P 2 p 


P 


1 


liaterioiiella 


»' 






Navicula 






I 


Tabellaria 








Fragilaria 






* 



■1 4 2 3 6 2 1 19 



I 1. 



S^tto- total 



2 3 p p p 2 p 



2 5 3 3 6 2 1 19 



T^le 2. coEitlnued. . , 



Jane 17 
1 6 12 11 23 28 34 3§ 



August 10 
1 6 12 17 23 28 34 39 



October 2 
1 6 12 17 23 28 34 39 



Chlorophyceae 
Chlorosarciiia 

Sctiroeder la 

jyr thr odesmus 

Moiigeotla 

UlothriH 

Scefiedesmus 

Ikctiziastrura 

Ank is trode smus 

Chloralla 

.Clos'terlm 



Sub- total 



Dinopliyc eae 



3 2 



12 p 

p 1 p p p p 

P P 



1 p 



1 P P P 

P P 

p p p 1 p 

p P p p p 

lip 1 



Ch 1 aaydononas 




P 


1 


p 


P 


p 


1 


P 


1 


2 


1 


1 


1 


I 




2 


1 


1 


1 


2 


Sub- total 


1 


1 


1 


P 


P 


P 


2 


2 


1 


8 


6 


4 


4 


3 


P 


2 


3 


3 


1 


3 


Euglenophyceae 
Traehelomonas 














1 


P 



























PeridinlisD 


1 


P 












1 


1 


I 


P 








p 




Sub- total 


I 


P 












I 


1 


1, 


P 








P 




IQBtt 


4 


5 22 


P 


P 


2 


P 


9 


'€ 


4 


2 


8 7 


5 4 


3 


5 10 


i 11 15 10 


5 27 
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APFEHDIX B 

sab.;i« I« smmsMTY of data, on pliytoplankton collected in Buiilop Lake on three dates in 1966., 
Samples were coLlected at six depths to 23 iietres. Results are expreseed in 
areal standard units per millilitre. 



June 14 
5 10 14 18 22 



August 3 
5 10 14 IB 22 



SepteTniber 26 
1 5 10 14 18 22 



MyKOphyceae' 

Qomphosphaer ia 

Enacystis 

ilgaenellwi 

Coe losphaer itB 

Chrococcus . 

Anabaena 

DaetyloGoecops is 

Lyngbya 

Osc il 1 a to r ia 



P P 

1 P p 



14 9 5 13 6 

73 116 94 70 60 

6 7 7 11 



14 5 16 4 

119 156 Be 53 52 24 

3i 17 4 1 15 6 



11 



3 3.1 
1 



Sub- total 


1 p p 




95 134 110 ffl 69 12 


171 186 U 4 61 85 34 


Chrysophyceae 
Dinobryon 


7 14 10 13 24 


P 




i 


Sub total 


7 14 10 13 24 


P 




6 



Bac il lar iophyeeae 
Synedra 




p 


1 1 


2 


1 


Me lo sir a 




3 


3 21 


15 


28 


«3yclotella 


1 


2 


p 


P 


1 


Asterionella 


1 


10 


3 8 


11 


B 


Navicula 


m 




p 






Tabellmria 


:tf 




7 10 


4 





2 10 



14 



IS 



p 50 18 



3 P 



10 

3 1 

f 

19 



35 



June 14 

S 10 14 18 22 



August 3 
1 5 10 14 18 22 



Bacillariophyceae (cont ' d| . 
Diatoma 



Sub- total 



19 15 14 40 32 3S 



14 18 20 59 23 



Chlorophyceae 
Staurastrum 

Dictyosphaerium 

Scenedesmus 

Micr actinium 

Ank i s tr odesTDU s 

Chi aiDydontonas 

Ar throde smus 

Coelastrim 

Botryococcus 

Ulothrix 

Stichococcus 

Chlorella 

Cosmarium 



p p p p 1 1 

P' 1 P 



P 1 
P 



11 



■fmbl.e 3. Gontin'Qed. 



Septeiober 2S 
1 5 10 14 18 22 



29 11 41 10 17 10 



1 p 



Sub- total 



p 3 I p 6 1 



U 



2 3 p 



Dinophyceae 
Peridinium 


P W 


2 


p 






Sub- total 


w ; P 


2 


P 






TOTAL 


28 33 25 53 62 39 


95 149128121128 36 


200 203155 


73 105 44 





o 
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fable 4. 



Saramarj of data on ^l yt op lanlrton eoIlect«d Ira Qtiirka Xtake on tlii»e dates in 1966. 
S^ai^Iea wece ooll^"ted. at six depths to 30. Hffitrea., - Results ace expressed' In 
areal Btandazd units per millilitre. 



Jime 14 

1 6 12 17 23 28 



August '^3 
1 6 12 17 23 28 



Septwnber 26 
1 6 12 17 23 28 



Myxophy^ceae 
Anaeystis 

Lyngbya 

Odnpbo sphaer is 

airc«occus 

Aphanizcmenon 



lac il lar iophyei 
Synadra 

Cyclotella 

Astecionella 

Mavicula 

Stephana is€ ua 



9 9 2 12 10 28 



P P P 



p p p 6 4 5 



P 

P '%. 

P 



Sub- total 


9 


9 2 12 10 28 


P P P 


6 


4 


5 






P P 


1 


Chrysophyceae 
Dinobryon 


2 


p 6 


p 3 


2 


3 


6 






1 


P 


Sub- total 


2 


p 6 


p 3 


2 


3 


6 






1 


P 



p p p p 



Sub- total 



p p p p 



cailorophyceae 
IHougeotia 

Actljiastrum 

Ankis t rodemua 

Chlorella 



W W 



P P 



:.:.;B.^l. 



' * >»^-vi«<K ^: '.-A-. . .• -ik-M •. ,>- 



! » ,-?%i,^J; I ..il^- '^..^^ 



June 14 
1 6 12 17 23 28 



1 6 12 17 23 28 



Table 4. continued. 



Septeitoer 25 
1 6 12 17 23 28 



dloropliyceae (cont ' d| 

itaurastnai 

iCracifeiiia 
Tetraedron 



P P 



P 1 



P P P 



Sub-toital 



lugleoopliyc#aa 
Traolie Ic^^nas 



P i 



P P 



2 p 1 



P 1 P P 



Soto- total 



Dinoptiyci 

Peridiuiai 



Sub- total 



TOTM< 



11 9 2 le 10 21 



p 1 



p 1 



p I 3 10 7 12 



1 1 1 p 



11 1 p 



12 11 



,'" 



4-. ' 



«• 



.»5t?i-i..r« L- ^■. t*.---. • . v-i 



-• k 
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APPHDIE B 



Tabae 5, 



Simniary of data on phy-toplaokton coll'ect-ed in Becors hmkm on thr^ftC' datae in 1966. 
Samples were iOolleeted mt sin: dapths to^ 10 'natres. Reeults m.rm eicpresS'ed in areal 
standard uaits 'per millilitre. 



June 29 
1 5 10' 14 18 22 



^ugmst 17 
1 5 10 14 18 22 



""SipEiHEer"!! 
1 5 10 14 18 22 



Myjcophyceae 
Pl^ectonrana 

.Anacystis 

.l,phiLii.i.zGB«non 



Bac il lar iophyceae 
Jkchnanthes 

Cyclotella 

DiatjoiDa. 

Mavicula 

Syii.edra 

Cocconeis 

iurtrella 

Melosira 

litgschia 

T^ellaria 

S tepliaaod isc us 

pinnalaria 

S'uto- total 



p 1 1 P P 



P 

p p 
P 



P 2 p 

* i 



P p 



P P 2 3 



P P 



P 1 

P 2 



Sub- total 


P 


1 1 p P 


P P 


3 


P 


p 1 


3 


ChrysophyCieae 
Dinob:ryon 


5 


1 17 44 15 


2 


2 


2 


P 2 


17 


Sub- total 


5 


7 17 .44. 75 


2 


2 


2 


P 2 


17 



■9 

3 p 
I 

P 

P 



4 p 



"9 
1 
1 



^.-^^.^\^:xi^,.: -.. 



.<■: ."V Ji, .#• 



..-aiifcL 



'■;-., 



■Chlo r ophy ceae 
ChlaaydamoimM 

iflilorella 

Clo^sterioB 

Mougeotia 

Oocystis 

Scenedesmus 

Sphaerocystxs 

Staurastrum 

Tetraedron 



Table 5. 



continued. 



'~ June 29 
1 5 I'O 14 18 22 



SiguitTT 
1 5 10' 14 18 22 



Septenib.er 28 
1 5 10 14 18 22 



P P 



P p ,p p 

P P 



P' P 



P P P 
P 
6 3 



Sub- total 


P 


P 


P 


p 


P 


P 


p 


P 


6 


5 


P 


4 


Euglenophyceae 
Euglena 




P 






















Dinophyceae 
Peridinium 


P 


p 


p 


1 p 


p 


P 




P 






P 


1 


iSub- total 


P 


p 


p 


1 p 


P 


P 




P 






P 


1 


TOmL 


5' 


e 


11 


47 7i 


2 


P 


P 


5 


12 


5 


5 


27 



...fes. 



-..-•Mi- ,. ':.-.-4,_, 
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APflMDlX C 

T^le la. Results of chemical deterininations (mg 1"*'^ except pH) made oin water samples 
col lee ted tO' 31 and 39 metreg in Dun lop and Quirke Lakes on June 17, 1965. 
Values of phosphorus are expreased in mg PO^ 1"^ total Kjeldahl nitrogen 
(including ajnmonia) and nitrate as mg N 1-1, and orthosilicate as mg SiOj 1" . 

Dunrop^Lalce Quirlce Lake 

1 5 10 14 18 22 27 31 1 6 12 17 23 28. 34 39 

pH 6.5 6.. 8 6.6 6.6 6,5 6.4 6.4 6,4 5.5 5.6 5.5 5.3 5.3 5.3 5.. 3 5.3 

Ca*^' 4.8 7.8 6.4 4.8 5.6 6.4 4.8 6.4 42 54 53 46 44 49 45 46 

SO.,'"^ Tr. Tr. Tr. Tr. Tr. Tr. Tr. fr., .. 82 69 82 84 79 97 91 80 

BI0'2~^ Tr. Te. Tr. Tr. Tr. Tr. Tr, Tr. 3. 00' 3.60 3,40 3.0iO 3.00 2.20' 5.50 3.20 

Tot. 

Diss. 18 12 12 20 36 10 28 30' 242 224 232 ^ 246 224 - 228 
Solids ^ " 

Tot.P .02 .02 ,02 .04 .03 .04 ,02 .13 .04 .03 .02 .0^3 .03 .02 .02 ,02 

Tot. 

Kjal.l. .33 .26 .26 .33 .26 .84 .84 .71 1.30' 1,35 1,00 1,30 1,10 1.30 1.20 1 . 00 



^-■. SfeslMff'-- 



lafcle lb. Results of chemical determinations (rag 1"^ except pH) made on water samples 
collected to 31 and 39 metres in Dunlop and Quirke Lakes on August 10, 1965, 
Values of phosphorus are expressed in mg PO4 1~^, total Kjeldahl nitrogen 
{including ammonia) and nitrate as mg N 1" , and orthosilicate as mg Si02 1— 



~ Quirke lake 
12 17 23 28 



10 



Dunlop Lake 
14 18 .22 27 



31 



34 



39 



ea 



m, 



,H0. 



+2 



-2 



-1 



^ot. 

Diss. 

Solids 

Tot.P 

Tot, 

Kjeld.H, 



6,2 6.4 6,5 6.6 6.5 €.4 6,4 6.4 

5 4 4 4 4 5 4 4 

10 10 10 10 f 9 9 i 

.O^O .05 .00 Tr. .10 .10 .12 .14 

30 14 28 18 38 30 26 12 

.03 .104 .04 .02 .06 .04 .M .04 

.13 .07 .0i7 .26 .13 .13 .07 .07 



5.6 5.6 4.6 5.0 5.3 5.5 8.5 7.1 

40 41 40 44 42 42 44 44 
210 210 210 214 214 221 221 221 

3.00 3.50 2.50 3.50 3.50 4.00 4.00 4.00 

234 200 278 258 254 292 250 248 
.02 ,04 .04 .04 .04 .02 .04 .04 

1.40 1.40 1.1,0.1.20 1.20 1.20 1.40 1.20 



^^■^t.,.^t: 



jS3'=i-«i'*JitJ' .. U .i&- 
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Ts^le Ic. Rasults of chemical detenainations (mg l" except pH) made on water saimplea 
col lee ted to 31 and, 39 metres in Dunlop and Quirke Lakes on October 2, 1965. 
Values of pThosptiQirus are expressed in mg PO- 1~ ,, total Kjeldahl nitrogen , 

(including anmonial and nitrate as mg M l"'^, and orthoeilicate as mg SiO_ 1" . 

Dunlop Lake Ouirke Lake 
1 5 10 14 18 22 27 31 1 6 12 17 23 28 34 39 

pH 8.1 7.9 7.9 7.8 7.,S 7.1 7.1 6.9 6.0 5.9 5.9 6.9 5.9 5,8 5.7 5.8. 

Ca *- S 5 5 5 4 5 2 4 40 40 40 41 42 44 44 44 

Mg *^ 10 8 6 7 10 8 14 B. B 9 - 7 7 6 6 

Na "^^ 0.2 0.2 0.2 0.4 0.2 0.3 0.5 0.2 5.2 5.0 4.6 4.5 6.9 B.4 6.9 6.5 

K *'^ 0.5 0.5 0,.5 0.9 0.6 0.6 0.7 0.8 S^.S 5.5 5.0 5.4 -- 5.0 4,7 S.l 

504"'^ 2 4 4 6 6 4 4 103 80 73 118 119 116 95 116 

Cl"^ 2 2 2 2 2 2 2 2 8 7 7 8 15 8 8 8 '"^ 

MOg"^ Tr. 0.00 0.00 0,00 Tr. Tr. .10 .10 4.00 4.00 4.00 5.00 3.00 5.00 5,00 4,00 

Tot. Diss. 

Solids 16 14 4 4 12 4 4 4 190 182 204 200 240 230 240 238 

Tot.F .12 ,04 .08 .08 .08 .12 .08 .04 .08 .16 .04 .04 

Tot. .07 .07 Tr. Tr. Tr. Tr. Tr, Tr, 1.2.0 1.30 1.20 1.30 1.10 1,20 1,30 1.30 
Kjeld.N. 

. -_ _-^-_: — : ■ „ -'■ " 



APP'HID'DC: C 

Tabile :2a. Results of cliemical deitenniiia.tiO'n.s (mg 1" except pH) made on water s^amples 
'Collected to 23 and 30 •metres in Dunlop and Q'uirke Lakes on June 14, 1966,, 
and Pecors Lake on June 29,, 1966. Values of phosphorus are expressed .in , 
mg POjT^r total Kjeldalil nitrogen (ineluding ammonia) and nitrate as mg M 1" , 

and Qifthosilieate as mg' Si02 1" . 

Dunlop Lake Quirke Lake PeeO'rE Lake 

i S 10' 14 18 22 _! 6_ 12 U 23 28 1 5 10 14 18 22 

5,3 5.3 5.1 5,1 5.1 5.1 7.3 6.3 6.1 6.1 6.1 6.0' 

36 36 36 38 36 38 58 56 65 78 85 B9 

103 103 10i7 10.7 loa 100 165 155 184 220 242 252 

4.00' 3.Q'0 2.00 1.50 3.. 00 3.00 2.50 3.75 3.75 6.25 7.50 5.00 

206 180 220 194 192 210 353 345 400 456 478 499 
.00 .00 -00 .00 .00 .22 .01 .02 .00 .00 .00 .00 
1.15 1.20 1.30 1.10 1.10 1.20 1.80 1.80 1.95 2.60 2.30 2.45 

Ortho- 1.00 1.00 1.08 1.20 1.32 1.36 • «f * * * * 3.44 3.76 3.52 3.76 2.08 4.32 
silicate 

* sample exhausted 



PH 


6.9 


fi.S 


6.8 


6.4 


6.6 


i,6 


Ca +2 


2 


4 


3 


4 


3 


3 


SO4 ~^ 


7 


9 


19 


10 


10 


6 


^03"''' 


.05 


.05 


.06 


. 05 


. 05 


.06 


Tot.Dis 
Solids 


s. 
30 


26 


38 


IB 


36 


24 


Tot. P. 


.00 


.00 


.00 


.00 


.02 


.00 


Tot.KjeH.20 

N. 


.13 


.07 


.26 


.07 


.07 



^m^M^a.%^ 



APPIHDDC C 

Table 2i:., Eesults of chenicml detenainatlons {mg 1 esceapt pHj^ Bade on water sianples 
collected, to 23 and 30 raetres: in Doalop .and Quirke Lakes on Auguist 3, 1966 



and Pecors Lake on Aiagust 17, li€6. ¥alues of phosphorus axe' mxprmsmmd in 
mg PO'^ 1~'^, total Kjgldahl nitrogen "" 
and olthosilicate as ng Si02 1-^. 



»f_P'0'4 1~' f total Kjgldahl nitrogen C,includin.g ianmonial and ^ nitrate as mg N 1' 



-1 





1 


5 


Dunlop Lake 
10 14 18 


22 


1 


Q'U,i,rke 
i 12 


Lake 
17 


23 


28 


1 


Peeors ] 
5 10 

6.9 i..8 


[,ake 
14 

6.5 


18 22 


pa 


8.2 


S.O 


7.9 


7 . 8 


7.6 


7-S 


i.3 


6.0 6.1 


6.1 


5.9 


5.6 


6.7 


6.2 6.0 


ea +2 

lia*l 


4 


4 


4 


4 


3 


4 


38 


38 40' 


40 


39 


.33 


57 


57 


50 


81 


8:7 90 
























3 

e.o 

7.0 


4 

6.0 

7.0 


14 

6.0 

8-0 


6 

7 . 
9,0 


6 7 
8.0 8.0 
10.0 11.0 


SO4 -^ 


11 


9 


10' 


12 


8 


10 


SB 


91 88 


88 


91 


98 


19 


13 


20 


196 


230 246 
























10 


9 


11 


13 


13 14 


MO^ "^ 


.01 


. 01 


. 01 


. 01 


.Oil 


.18 


2.20 


2. 80 3.20 


2. SO 


3.20 


3.20 


2.50 


3 . 00 


3.00 


4.0c 


3.50 4.5 


Tot. Diss, 
































Solids 


26 


48 


24 


32 


34 


m 


20.8 


200 220 


212 


202 


214 


308 


314 


326 


486 


436 486 


Sol. P. 


. 00 


.,04 


.00 


.02 


. 00 


,..02 


.02 


. 00 . 00 


.00 


.00 


,00 


.02 


.00 


, 00 


.00 


,,00 .00. 


Tot, P. 


,20 


,08 


.02 


.M 


.00 


.'04 


,02 


.00 .00 


.00 


.00 


.00 


. 03 


.00 


.. 00 


. 00 


.01 .00 


Tot, 
Kjeld.N. 


.20 


, 20' 


.07 


.07 


. 13 


.20' 


l,30i 


1,40 1.30 


1.40 


i,20' 


1.20 


l.iS 


l,i5 


2.10 


3 . 80 


1.50 1,31 
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Appmc^ c 



Table 2c. 



Results of chemical determinations (mg 1" except pH) made on water samples 
collected to 23 and 30. metres in Dunlop and Quirks Lakes on September 26, 1966 
and Pecors Lake on September 28, 1966. Values of phosphorus are expressed in 
mg PO4 1-1, total Kjeldahl nitrogen [including ammonia) and nitrate as mg N l--^j 
^ '^ ■' ■ ■ mg Si02 l"""-. 



and orthosilicate as mg Si02 





I 


S 


Dunlop 
10 14 


Lake 
18 


22 


1 


1 
6 


Quirke Lake 
12 17 23 


26 


1 


Pecors Lake 
5 10 14 


16 


22 


ps 


6.9 


7.2 


7.7 


7.2 


i,7 


S.6 


6,3 


5.9 


5.6 


5,,i 


S.3 


5.2 


6.3 


^ 


6.4 


5.8 


5.5 


5.5 


Ca+2 


4 


4 


4 


4 


5 


2 


38 


36 


38 


40 


40 


39 


59 


_ 


60 


83 


87 


91 


Mg +2 


1 


1 


I 





1 


1 


4 


4 


3 


3 


2 


4. 


- 


- 


- 


- 


- 


- 


Ma +^ 


0.8 


0.8 


0.6 


0.61 


O'.f 


0,8 


4.6 


4.7 


3.9 


4-5 


4-6 


4,9 


_ 


_ 


- 


- 


- 


- 


K*^ 


0'.4 


0.3 


0-3 


0.3 


0.3 


0.3 


5.6 


5. a 


4.2 


5.6 


5.7 


6.1 


« 


- 


- 


- 


~ 


_ 


S04 ;^ 


6 


5 


6 


7 


7 


i 


73 


73 


- 


78 


- 


73 


128 


- 


128 


215 


188 


208 


CI '1 


3 


2 


2 


5 


2 


2 


7 


7 


7 


8 


7 


7 


- 


- 


- 


- 


- 


- 


SD3 "^ 


.00 


.00 


. 00 


.00 


.03 


.03 


3,00 


3 . 50 


3 . 00 


2.50 


3 . 00 


4 . 00 


3 . 00 


- 


3 . 00 


4.00 


4-50 


4,50 


Tot. Diss, 
Sol Ids 33 


25 


27 


45 


43 


26 


213 


227 


201 


222 


202 


230 


287 


. 


279 


387 


457 


423 


Sol.P 


. 00 


.00 


. 00 


- 00 


.00 


.01 


.OO 


, 00 


.00 


.00 


.00 


.00 


- 


- 


- 


- 


- 


- 


Tot.P 


. 01 


, 00 


.02 


.02 


.01 


.01 


, 00 


. 00 


.00 


.O'O 


.00 


.00 


.01 


- 


. 00 


.02 


.00 


. 02 


Tot. 

Kjeld.M'. 


. . 07 


. 07 


.07 


. 07 


.07 


. 07 


1.10 


1.10 


I. 10 


1.05 


1.15 


1.15 


1.35 


_ 


1.35 


2.30 


1 . 95 


2 . 20 


Ii02 


























0.98 




0.9a 


2.20 


3 . 20 


1.60 



« 



.; J 



'f'able 3a. Results of cTieBical datermiiiatioas (rag I" mmmpt pH) made on water saniples 
colleetad to 23 and 30i metres in Dunlop, Q'Uirke and Feeors Lakes on May 
and 17, 1967, Values of phosphorus are expressed in mg PO4 l''^, total 
Kjeldahl nitrofen (including •aainioniia) and nitrate as ag m l-l,, and orthosllicate 





1 


Dunlop 
5 10 


Lake 

14 


18 


22 


PH 


6.9 


6.9 


7.0 


6.9 


7.1 


7.0 


Ca+2 


4 


3 


3 


3 


3 


3 


SO4 '^ 


6 


5 


5 


5 


5 


5 


BO3 "■'• 


.10 


.10 


,. 10^ 


as 


.15 


.10 


Tot. Diss. 

Solids 


2 


8 


9 


6 


8 


32 


Sol.P 


.03 


.02 


.02 


.02 


.02 


.02 


Tot.P 


- 


.02 


.02 


. 02 


.02 


- 


fot.KJeld. 















Quirks Lake Pecors Lake 

6 12 17 23 28 I 5 10 14 



6.0 6.0 5.9 6.0 5.8 S.B 6.5 6.4 6.5 6.3 

34 34 34 34 34 34 42 38 42 42 

73 12 82 73 76 80 110 114 114 

2.00 2.50 2.50 2,00 2.00 2.50 1.70 1.60 2.50 3.50 

98 73 84 75 78 88 270 348 289 378 

.01 .01 .01 .01 .01 .01 .03 .04 .02 .02 

.01 .01 .01 .01 -01 .01 .03 ,04 .02 .02 

,46 .64 .46 ,52 ,77 1.50 1.50 1.95 1.6S 1.45 1.65 1.65 2.60 3.00 2.80 2.80 



■il-^' 



liF'PBro'EC. c 
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T.able Ih. Eesiilts of cliettical determinations (mg I""" exeept pH) mad© on water e^aaples 
coillected to 2.3 an.a 30 ■metres in Danlop, Quirka ■and Peco'rs Lakes on June 6, 

1967. ¥alues of phospliorus axe expressed in mg PO^ 1-1, 'total Kjeldahl 
nitrogen (inclading ansBonia) amfl nitrate as mg H I-*, and orthosilicate as 
mg BIO2 l-^. 



Dunlop Lake 
5 10 14 18 22 



'Quirks Lake 
6 12 17 23 



28 



Pecors Lake 
10 14 18 



22 



m' ■ 


6.3 


6.5 


6.5 


6.6 


6.6 


6.6 


„ +2 

Ca 


4 


4 


4 


4 


4 


4 


SO4 "^ 


I'O 


10 


10 


10 


i 


9 


HOg*^ 


.10 


.10 


.10 


.15 


.. 10 


.10 


'Tot, Diss. 
Solids 


21 


29 


1.5 


It 


11 


i 


Sol. P. 


.■09' 


. 00 


.02 


. 07 


.. 12 


.06 


Tot.P 


. 2O1 


.01 


. 20 


.25 


.20' 


,m 


Bot.KjeM. 


. 39 


.33 


. 33 


. 26 


. 26 


.33 



6.0 5.7 5.7 5.4 5.3 

,3.4 34 34 34 35 

86 88 87 86 i9 



5.2 6.1 6.2 
36 54 39 
B8 12.0 96 



6.2 7.1 5.8 5., 7 
61 77 80 78 

144 92 92 93 



2.5© 2.50 4.00 5,. '00' 3., 00' 3.00 4.00 4-00 5.00 5.00 5.00 5,. '00' 



175 179 161 

.31 ,01 .01 

.35 .01 .09 

1,2 1.0 1.3 



259. 183 167 246 169 
.01 .01 * .06 .04 

.09 .10 *■ .06 .05 



99 355 367 391 

.09 .28 .06 .02 
.09 .56 .07 .05 



1.2 1.3 1.4 2.40 1.80 2.60 2.80 2. '60 2.20 



Simple ■eachausfeed 



# 



Table 3c.. Results of cheoical determiiiations {mg l""^ mxaept pH) madis on wmtmr saaples 
collected to .23' wmd 30- metres ia Danlop,,, Quirke mnA Pecors Lakes on June 27 ,, 
1S67. ¥alueb of phosphorus are ejcpressed in mg ^Qa l"^'* total KjeMahl nitrogen 
{includ-ing aiBEonia) and nitrate as «g M 1~1, .and orthosilicata as ng SiOj 1-1, 

D'unlop .Lake Q'uirke Lake Pecors Lake 

1 5 10' 14 IB 22 1 S L2 17 23 26 1 5 10 14 ^8 2:2 

^BB' 6..7 7.0' 7.1 6.9 6.8 6.7 5.5 5.7 5.3 5. .3 5-3 5.3 6.2 6.2. 6.1 5,.B .5.9 5.7 

34 34 35 35 35 37 56 45 69 78 83 B2 

104 97 101 101 101 101 102 120 173 200 213 206 

6 6 7 6 6 8 8 7 11 13 13 12 



Ca+2 


5 


5 


5 


5 


6 


S 


-4-^ 


fr. 











Tr. 


'Tr. 


ci-1 


2 


2 


2 


i 


2 


2 


-3-^ 


. 05 


.07 


.10 


.12 


.15 


.15 


'TOt.Diss... 
Solids 


. 


30 


72 


66 


32 


48 


Sol . P 


_ 


.15 


.14 


.13 


.21 


.16 



1.7 '5 1.75 1.60 



254 246 236 252 226 270 236 260 358 430 378 434 
,09 .07 .10 .10 .09 .10 .25 .14 .11 .01 .07 .10 



Tot. P. .30 -.40' .50 .70 * * * * * * * ..40 ••♦«*• 

Tot. Kj: eld. 

H. * * * * 1.15 0-07 1.65 1,15 1.10 I.IS 1.30 * 0.95 1.50 0.99 2.20 1.40 2.45 

BiOj -Si .59 .Si .59 .14 ,76 .53 .79 .73 .70 .56 .56 .S4 .10 .64 .67 .62 .56 

* ;S.iBiple e3rtwi.u8ted 






T,a33le M. 



pH 



Ca 



ei 



HO, 



+2 



-2 



-1 



-1 



Tot. Diss, 
Solids 

soi.i. 

Tot. 

Kjeld.M. 

mm 



ResultB of chfimical -deteminationii {mglT ' esEeept pH| nade on. water sMiples collected 
to 23 and 30 metres in Dunlop, Quirfea and Peccsrs Lakes on July 14 and 15, 1967. 
Values of phospliorous are expressed in, mg POj 1~. \ total Kjield,alil_n,itrQgenC including 
'a«ici,nia| and nitrate as mtf M l'^, and ©.rthosilicate as mg SiO^ 1"^. 

1 5 10 14 li ,22 16 1,2 17 23 28 1 5 IQi 14 IS 22 

6.4 6-3 6.3 - €.7 7,.4 5^.3 .5-5 * * 6.2 6.1 7.6 7-2 7.4 7.4 7.4 7.2 

«■ 4 3 34 34 * * * * 85 « * ^. -■ - 

----- 85 84 • * 214 220i 220 - ~ 

8 8 9 - i 6 6 6 6 6 12 12 13 

#, .. -- - ^ » ■ _ 2. 253 .40* * L. 50 1.70 1.50' - 

147 * 132 127 * * 412 - - - - - 

.08 .04 .OS - .01 .01 .02 .01 .02 .01 .04 .OS .06 .06 .05 .04 .04 .07 

* * * — * * .,..Qi.3. * -03 .01 * * * * ♦ * • * 

0..S1 3.» 2^ •-=■ 1.30 * L20' L.20 * * 3.10 3.10.' 1,21 0,.3i 0.^ 0.33 0.39 0.43 

.84 .B4. ,.e;i ^ 0.93 1.02 ,64 .62 * ♦ .90 .90 - • - _ _ _ 



-^^ 



S^ple s^mmmtmA 
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Table 3«, Results of chemical determinations (tngl" except pH) made on water samples coliected 
to 23 and 30 metres in Dunlop, Quirke and Pecors Lakes on July 27 and 28, 1967. 
Values of phosphorous are expressed in lag PO^ I"-'-, total Kjeldahl nitrogen 
{including ammonia) cind nitrate as mg N 1--^, and orthosilicate as mg Si02 1~ • 



Dunlop Lake 
10 14 18 



22 



Quirke Lake 
12 II 23 28 



Pscors Lake 
10 14 IB 



22 



pH 



Ca 



eoi 



+ 2 



-2 



CI 



HO. 



-1 



-1 



Tot., Diss. 
Solids 

Sol. P. 

Tot. P. 

Sot.Kjeld, 
il* 

SiO^ 



6.7 6.6 6.6 --fi-.S .5.6 5.4 

3 4 3 4 4 3 

10 8 9 7 7 8. 

12 12 2 2 2 1 

.04 .00 .0'2 .04 .05 .22 

15 * IS 17 27 19 

.01 .00 .01 .02 .04 .01 

..01 * .0i2 .03 ,'04' ..01 



.58 .20 .39 
.82 .79 .70 



84 .98 1.20 

70 . 70 . 64 



6.5 5.3 5.2 5.2 5.3 5-2 

34 34 35 35 35 35 

85 88 91 87 88 89 

- . 8 i 6 6 



€.2 6.0 5.6 5.4 6.4 6.3 

42 44 57 63. BO 82 

158 153 140 156 193 200 

... 19 7 7 9 10 



:2J0 2 .40 MO 2 . 25: 3.00 2 . 80 1.35 1 .35 1.75 1 , 10 1.10 2.00 

169 152 - 152 151 158 199 113 187 * * 374 

.02 .01 .05 ..04 .01 ,01 .04 .00 .01 .01 .01 ,00 
,02 .01 .06 * .02 .01 .OS .00 ..01 .02 .01 .00 

1.65 :L 50 1.30' 1.J0 1.10 1.20 L40 1.,. 50 2.10 2. « 2.45 2.30 
.53 .59 .67 .59 .56 .56 .64 .70 .79 .79 .76 .76 



S...iiflple e«haasted 



^■.i^ ifer« .^.- ,^, 



APP^DIX C 

Tatole 3f . Results of chemical, dete'nB,lnatio.iis (mg I" " exc€pt ^) made on water samples 

collected to 23 and 30 metres in. Dunlop, iQ'uirka and Pecors Lakes, on August 29, 
and 31, 1967. Falufes of ph:Qs.pliorous are expressed in mg PO^ 1~' , total 
Kjeldaihl nitrogen ^incloding .fflMonia) and nitrate as mg N l-r, and orthoisilieate 
as mg SiOs 1-1. 

~~~~~ DuiiJLopncatefi ____— ■ Quirfce Laice ' Pecors Lafee 

1 5 10 14 18 22 1 € 12 17 23 28 1 5 10 14 18 22 

1.2 6.i 6.1 8.1 i.S S.4 7.2 7-1 7.i 8.1 S.6 5.6 

34 34 36 35 35 35 45 45 30' 82 84 83 

82 82 83 * 82 83 I'Oa 10'2 204 204 202 202 

5 § 6 6 6 6 7 7 11 11 12 12 

a.OiO 3.00 2.50 3.00 3,00 1,60 - - 3.00 4.60 3.00 4.00 

144 152 160 154 142 160 - - 340i 322 362 380 

Sol. P. * .03 .01 ,03 .02 ,02 ,01 .01 .02 * .01 .01 .01 .01 .02 .01 .16 .02 

TCit.'B. .05 ,07 ,06 .06 * . 0§ .02, ..01 .04 .03 .03 . 03 * * .05 .01 -59 .02 

■»Ot.Kjeld. 

m. .58 .65 .§5 -58 .52 .65 1.50 1.65 1.10 1.60 1,40 1,25 1,65 1.65 2,02 1.80 2.02 2.02 

SiOj 1.0 1.1 0,8 1,1 1.4 1.4 2.1 2.1 2.1 2.1 1.8 1.9 

* Sampl.e eschausted 



PH 


7.8 


8 , 1 


8.0 


7,9 


7,7 


7-€ 


ca-^^ 


5 


4 


5 


4 


5 


5 


SO4 -^ 


26 


11 


7 


7 


7 


7 


ci-^ 


2 


1 


1 


1 


1 


1 


IlOg^ '- 


.40 


- 


.50 


.30 


.40 


.50 


Tot- Diss. 
Solids 


18 


13 


24 


31 


14 


24 



APPEiroiX c 

Table 3g. Eesults of eheinieal determinatioiis (mg 1" exempt pH) made on water samples 
collected to 23 and 30 metres in Dunlop Quirke and Pecors Lakes on 
September 13, „967. ¥alues of phospborous are expressed in mg PO. 1" 
total Kjeldahl nitrogen | including; Mwionia) and nitrate as mg N 1^, and 
ortbosilieate as mg SiOj l"-"". 

Qoirke Lake Pecors Lake 

1 6 12 17 23 28 1 5 10 14 18 22 

5.§ 5.7 5.5 5.4 * i.i 

35 35 35 36 36 36 

98 100 94 fi 98 100 

5 5 5 6 6 5 

2.50 2.50 0.75 0.75 * 2.50 

15S 158 168 180 178 170 
.01 .01 .01 .01 .09 .03 
.05 .02 .02 * .14 ,03 

* 2.80 2.80 2.20 2.80 2.80 





1 


Dunlop Lake 
5 10 14 


m 


22 


PH 


8.5 


8.4 


8.2 


6.6 


6.7 


6.5 


ca*^' 


4 


3 


4 


4 


4 


4 


-4-^ 


9 


12 


8 


^ 


7 


7 


ci-^ 


3 


1 


1 


1 


1 


1 


HO,-^ 


30 


.40 


.40 


.30 


.30 


.40 


■TO't.Ms.*. 
Solids 


30 


31 


35 


37 


31 


30 


Sol. P. 


.01 


.06 


.01 


.01 


.02 


.01 


Tot. P. 


.19 


.17 


.04 


.07 


.05 


.16 


Tot. Kj eld 


• 


• 


.52 


.73 


.65 


1.00 



..iic2 ,,^y,Mfej, Mi-M^^'M&±1.-:.:- 
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«ab},o m. Results of clienleal detezmizuitioiu (lag I 
collected to 22 aiid 28 
and 3, 1967. ¥iiy«s of 
Kjeldahl nitrogen (includiiig 
as nig SiQj 1"^. 



-1 



m) 



metres in Dunlop, Quirke and Pecors Lakes 
if Eflfiospboroiis are expressed in rag PO^ 1~^, 
uding annosila) and nitrate as n^ N 1-1 and 



on water samples 

on October 2 
total 
ortlios i 1 ic a te 



Dmsl^ Lake 
10 14 18 



22 



Quirke Lake 
12 17 23 



28 



Fecors Lake 

5 10 14 18 



22 



pH 



Oa 



+2 



SO. 



NOg 



-2 



-1 



8.5 8.7 8,6 8.4 7.4 7.4 

3 4 4 4 4 4 

6 6 6 6 6 6 

.10 .10 .10 .20 ,20 .20 



6.5 6.3 6.3 6.2 6.0 6.0 
35 35 36 35 36 36 
102 m 9% m 100 ft 



6.0 6.1 6.1 5.9 7.5 7.2 
47 46 4S 83 84 84 
121 120 111 216 228 228 



2.00 2.00 2.50 2.00 2.00 2.00 2.00 2.00 2.50 3.00 2,50 



Tot. Bias. 

Solids 18 16 14 14 22 20 

gol. P. .01 ,02 .01 .01 .02 .01 

Tot. P. ,04 .03 .03 .04 .m ,04 

Tot.Kjeld, 



.26 ,13 



26 



13 .46 .26 



172 184 170 178 166 162 

.01 .01 .01 ,01 ,01 .01 

.03 .03 .03 ,04 ,03 •it 

3.30 6.60 5.00 8.30 6.60 * 



214 226 216 362 3B8 382 
,01 .01 ,02 .12 .01 .01 
.07 .02 ,03 .4i .13 ^04 



6.60 8,30 * 



9.90 9.90 



Ililllllilliliiiiiiillllllll 
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